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hybridization assays. In this study we deve,0 P« d ™^ (PNA FISH) for differentiation 
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between C. albicans and C. dublin ten sis. L.qu. ' ^^JSSS washing, and smears were examined by 
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The discovery of Candida dubliniensis as a separate species 
traditionally identified as Candida albicans has necessitated the 
development- of new methods to clearly and easily distinguish 
the two species. C. dubliniensis shares many phenotypic char- 
acteristics with C. albicans and is therefore incorrectly identi- 
fied as C. albicans by current methods, such as germ tube 
analysis and commercially available carbon assimilation tests 
(23) C albicans is responsible for the majority of all fungal 
infections worldwide; however, retrospective studies have re- 
cently shown that some previously diagnosed C. albicans infec- 
tions were actually C. dubliniensis infections (4). The clinical 
importance of C. dubliniensis and the role of its drug resistance 
remain to be determined, although studies have shown that C. 
dubliniensis primarily has been associated with infections in the 
oral cavity of human immunodeficiency virus patients and that 
it has the ability to develop resistance to fluconazole in vitro (4, 
23) Clinical studies to determine the role of C. dubliniensis in 
candidiasis rely on the availability of reliable laboratory meth- 
ods to distinguish C. dubliniensis from C. albicans, and a num- 
ber of different phenotypic methods have been described 
These methods include fatty acid methyl ester analysis (14), 
PCR methods (2, 8, 12), DNA fingerprinting (5), p-D-glucosi- 
dase activity (19), growth at 42 and 45°C (16, 23, 25), and 
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chlamydospore formation (10, 24, 25). Many of these methods 
in particular, the phenotypic tests, produce results that are not 

100% accurate. ,„„, ( . 

Comparative analysis of ribosomal DNA (rDNA) sequences 
is a well-established method for phylogenetic analysis (3, 26) 
and has successfully been used to order and, in some cases, to 
reorder the current taxonomy of microorganisms. For yeasts, 
the D1-D2 region of 26S rDNA shows a high degree of species 
variation and has therefore been used not only for systematic 
studies (7) but also for the development of species-specific 
probes for identification (9, 20). 

Peptide nucleic acid (PNA) is a DNA mimic with a poly- 
amide backbone to which individual nucleobases are attached 
(11) This structure enables PNA probes to hybridize to com- 
plementary nucleic acid targets obeying Watson-Crick base- 
pairing rules with high specificity and rapid binding kineUcs 
(1) These properties have been applied to a broad range of 
rapid microbiologic methods (22a). In particular the relat.ve 
hydrophobic character of PNA, which allows PNA probes to 
diffuse through the cell wall under conditions which do not 
lead to the disruption of cell morphology, has been exploited to 
develop simple and highly specific culture identification meth- 
ods based on fluorescent in situ hybridization assays using PNA 
probes targeting species-specific rRNA sequences (PNA 

FISH) (15, 20, 21). 

In this study, we designed specific PNA probes targeting the 
rRNAs of C. albicans and C. dubliniensis and used these two 
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PNA probes in a PNA FISH format for differentiation between 
these two closely related species. 

Clinical isolates and reference strains. Fifteen C. albicans 
and 6 C. dubliniensis reference strains (Agricultural Research 
Service Culture Collection [NRRL], Peoria, 111.) as well as 73 
C. dubliniensis and 55 C. albicans clinical isolates (Institute of 
Medical Microbiology, University Hospital, Aachen, Ger- 
many) were used for this study. The C. dubliniensis clinical 
isolates were mainly from human immunodeficiency virus-pos- 
itive patients (25) and from respiratory specimens from pa- 
tients with cystic fibrosis (13). The clinical isolates of C. albi- 
cans were chosen to represent different strains, i.e., serotypes 
A and B, the biovar stellatoidea, and phenotypically aberrant 
strains such as a red-pigmented strain (6) and strains that 
failed to assimilate glucosamine and JV-acetylglucosamine (17). 
All strains and isolates were identified by D1-D2 26S rDNA 
sequence analysis as previously described (7). 

For PNA FISH analysis, reference strains and clinical iso- 
lates were inoculated into yeast-mold broth (Difco Laborato- 
ries, Detroit, Mich.) and incubated overnight at 35°C. 

Preparation of smears. One drop of phosphate-buffered sa- 
line was placed in the well of a Teflon-coated microscope slide 
(Clear Coat; Erie Scientific, Portsmouth, N.H.), and 10 pi of 
an overnight culture was added, mixed, and spread throughout 
the well. The smear was fixed either by placing the slide on an 
80°C slide warmer for 2 h or by flame fixation by passing the 
slide through the blue cone of a Bunsen burner. The slide was 
subsequently immersed 95% ethanol for 1 to 2 min and al- 
lowed to air dry. 

Selection of probe sequences. Sequence processing was per- 
formed using computer software from DNASTAR (Madison, 
Wis.) and from the National Center for Biotechnology Infor- 
mation (www.ncbi.nlm.nih.gov/). Alignments of sequence data 
obtained either from the GenBank database (primarily 18S 
rRNA sequences) or from the most variable regions of the 26S 
rRNA were performed using the Megalign (version 4.03) pro- 
gram. From these alignments, PNA probes targeting the 18S 
rRNA of C. dubliniensis (TAGCCAGAAGAAAGG) and the 
26S rRNA of C. albicans (ACAGCAGAAGCCGTG) were 
identified. The probes were selected to minimize any second- 
ary structure in the probes using the PrimerSelect (version 
4.03) program and to achieve T m values within 68 to 76°C. 
Finally, each target sequence was checked for specificity 
against the GenBank database using both the GeneMan (ver- 
sion 3.30) program and an Advanced BLAST search of the 
GenBank database (www.ncbi.nlm.nih.gov/blast). 

Synthesis of fluorescein-labeled PNA probes. The PNA 
probes were synthesized at Boston Probes as previously de- 
scribed using an Expedite 8909 nucleic acid synthesis system 
with PNA option and reagents from Applied Biosystems, Fos- 
ter City, Calif. (20). 

PNA FISH. PNA FISH was performed as described by 
Stender et al. (20) with minor modifications. Briefly, smears 
were covered with approximately 10 u.1 of hybridization solu- 
tion, containing 10% (wt/vol) dextran sulfate (Sigma Chemical 
Co.. St. Louis. Mo."). 10 mM NaCl. 30% (vol/vol) formamide 
(Sigma), 0.1% (wt/vol) sodium pyrophosphate (Sigma), 0.2% 
(wt/vol) polyvinylpyrrolidone (Sigma), 0.2% (wt/vol) Ficoll 
(Sigma), 5 mM disodium EDTA (Sigma), 0.1% (vol/vol) Tri- 
ton X-100 (Aldrich), 50 mM Tris-HCl (pH 7.5), and 100 nM 



TABLE 1. Results for reference strains analyzed by PNA FISH 
with C. albicans and C. dubliniensis PNA probes 
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fluorescein-labeled PNA probe targeting C. albicans or 500 nM 
fluorescein-labeled PNA probe targeting C. dubliniensis. Cov- 
erslips were placed on the smears to ensure even coverage with 
hybridization solution, and the slides were placed on a slide 
warmer with a humidity chamber (Slidemoat, Boeckel, Ger- 
many) and incubated for 30 min at 50°C. Following hybridiza- 
tion, the coverslips were removed by submerging the slides in 
approximately 20 ml of prewarmed 5 mM Tris (pH 10)-15 mM 
NaCl-0.1% Triton X-100 per slide in a water bath at 50°C and 
the slides were washed for 30 min. The slides were then air 
dried. Each smear was finally mounted using 1 drop of IMA- 
GEN mounting fluid (DAKO, Ely, United Kingdom) and cov- 
ered with a coverslip. Microscopic examination was conducted 
using a fluorescence microscope (Optiphot; Nikon Corpora- 
tion, Tokyo, Japan) equipped with a X60 1.4 oil objective 
(Nikon), an HBO 100-W mercury lamp, and a fluorescein 
isothiocyanate-Texas Red dual-band filter set (Chroma Tech- 
nology Corp., Brattleboro, Vt.). Images were obtained using a 
color charge-coupled device camera (Diagnostic Instruments, 
Inc., Sterling Heights, Mich.) connected to a computer system. 

Interpretation of test results. Two PNA probes in parallel 
hybridization reactions served as complementary controls such 
that identification as C. albicans or C. dubliniensis was based on 
a positive reaction with one PNA probe complemented by a 
negative reaction with the other PNA probe. Positive reactions 
were determined as bright green fluorescent cells, whereas 
negative reactions were determined as nonfluorescent cells 
with a reddish appearance. The results for double-negative or 
double-positive samples were inconclusive and were reported 
as "not identified." 

Fifteen C. albicans and 6 C. dubliniensis reference strains 
were tested with PNA FISH (Table 1). Of the 15 C. albicans 
strains, 15 (100%) produced a positive result with the C. albi- 
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cans probe and a negative result with the C. dubliniensis probe. 
Of the six C. dubliniensis strains, 6 (100%) produced a negative 
result with the C. albicans probe and a positive result with the 
C dubliniensis probe. In a blind study, 128 clinical isolates 
representing 73 C. dubliniensis and 55 C. albicans isolates were 
tested with PNA FISH. The results proved the 100% accuracy, 
as the 73 C. dubliniensis and 55 C. aft/cans isolates were cor- 
rectly identified. As predicted, the C. albicans PNA probe did 
not cross-hybridize with any of the C. dubliniensis isolates and 
the C. dubliniensis PNA probe did not cross-hybridize with any 
of the C. albicans isolates. 

Representative images of assay results are shown in Fig. 1. 
Negative results were observed as reddish cells, whereas pos- 
itive results were seen as bright green fluorescent yeasts. In 
some instances, variable fluorescence was observed between 
individual yeast cells. This result could have been due to var- 
ious amounts of rRNA in cells or because of variable perme- 
ability of the cell walls. 

Conclusion. We have shown that PNA FISH using PNA 
probes targeting the rRNAs of C. dubliniensis and C. albicans 
is a 100% accurate method for the differentiation of C. albicans 



and C. dubliniensis. The excellent sensitivity and specificity of 
the assay are typical of other culture identification methods 
based on PNA FISH (21,-22). The test is performed on smears 
of cultures, and interpretation of results is conducted by mi- 
croscopy, such that the PNA FISH procedure simply adds the 
high specificity of PNA probes to standard microbiological 
staining procedures to provide definitive identification. These 
attributes make this method easily adaptable by typical clinical 
microbiology laboratories. Another benefit of the assay is the 
use of two PNA probes such that identification is based on the 
combination of a positive reaction with one PNA probe and a 
negative reaction with the other PNA probe. This format re- 
duces the risk of false identification, as that would require 
incorrect reactions by both PNA probes. 

The PNA FISH method is intended for differentiation be- 
tween C. dubliniensis and C. albicans presumptively identified 
as C. albicans by standard yeast identification methods, such as 
germ tube analysis or carbon assimilation methods. It is likely 
that this method can be applied directly to patient specimens, 
as has been described for PNA FISH of Mycobacterium tuber- 
culosis in sputum smears and biopsy specimens (22, 28). This 
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application is currently being investigated and has the potential 
to determine the clinical significance of C. dubliniensis. Finally, 
besides using the described probes to identify mixed cultures 
upon primary isolation, this method could be complemented 
by PNA probes targeting other medically important Candida 
species and other yeasts to provide a general diagnostic tool for 
definitive identification of yeasts, essential for the optimal se- 
lection of antifungal therapy (18). 

We thank the Chemistry Group at Boston Probes for the synthesis 
of PNA probes and S. van Oy for excellent assistance. 
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